with stable Translin levels be locked into either a fed or starved state, depending on the level of Translin supplied to Leucokinin neurons by these promoters? Instead, it seems that a high Translin level in Leucokinin neurons is a permissive cue that allows the fed/starved switch to be flipped, but it may not be the switch itself.
Starvation has multiple consequences for the fly brain. One is to increase hunger and consequent food consumption. The suppression of sleep is now seen to be a second consequence of starvation, mechanistically unrelated to hunger. The authors appear to agree with this interpretation, and therefore refer to the effects of starvation on 'metabolism' instead of 'hunger'. It would be interesting to know whether a manipulation that made flies insatiably hungry would keep them awake. We have to suppose it would not, because their metabolism, and presumably Translin levels, would be in a fed state. Similarly, activating Leucokinin neurons should cause a well-fed fly to forgo sleep, despite not being hungry. Or is actually being hungry a prerequisite for suppressing sleep in response to lack of stored energy? In that case, activating Leucokinin neurons in a fed animal would have no effect. These would be interesting experiments that could help us understand how drives interact.
But what does this current work tell us about the interaction between drives for incompatible behaviors? By parsing apart the starvation response into separate mechanisms for hunger and sleep-suppression, the work of Murakami et al. encourages us to reflect on our conception of drive. When we are hungry, it can seem that hunger itself is causing us to be less focused, less energetic, etc. Instead, this work suggests that the same triggering stimulus (low energy supply) independently increases hunger and decreases sleep drive. So it may not be hunger that suppresses sleep, but a more direct sensing of energy depletion, which promotes hunger in parallel. We are reminded that the seemingly unified changes in motivation and behavior that we experience and observe are actually a composite of alterations in many drive states that promote and allow the actions necessary to achieve the most urgent goal at any given moment.
Three newly discovered species of fig-living nematodes display remarkable diversity in head morphology depending on their local environment. This shows that a great deal of ecological diversity can be maintained in the absence of substantial genetic variation.
Any gardener is well familiar with the dogged persistence of weeds. It is not unusual to move some long-neglected piece of hose to find that a seedling has spouted under a dark mass of rubber yet managed to generate a long gangly stock that eventually winds its way toward the light. If we could run that individual's life over again, but this time allowing the seedling to sprout in a well-fertilized pot in direct sunlight, it would hardly be recognizable as the same kind of plant, at least early in life. The ability of the same, genetically identical individual to produce different morphological, physiological or behavioral outcomes under different environmental circumstances is known as phenotypic plasticity. In many respects, such plasticity underlies the very nature of individuality and drives many of our current difficulties in directly associating diseases with underlying genetic causes (e.g., cancer risk in people with similar genetic makeups with and without access to hamburgers and cigarettes). In its purest form, phenotypic plasticity can lead to switch-like developmental outcomes (polyphenisms) that are completely different depending on specific environmental cues, for instance when normally wingless aphids produce wings for migration as their local population becomes crowded. A recent study of head shape morphology in While no doubt thrilling to those in the know, nematodes look like some of the most boring animals, at least morphologically. They are remarkably similar in overall appearance, nearly all looking essentially like, well, worms. Indeed their worm-like nature has been conserved for hundreds of millions of years. In contrast, during the same time period chordates have diversified into creatures as different as sea squirts and elephants. But focusing on the sameness of their long thin bodies belies a great deal of diversity that can be displayed in the morphology of some of their specialized structures. For the last 20 years, researchers from Ralf Sommer's lab have been combing the globe looking for interesting members of the nematode genus Pristionchus, which Sommer and his colleagues, including co-corresponding author Erik Ragsdale, have developed as a model for understanding the evolution of developmental systems [2, 3] . Much of the recent focus has been on the mouths of these nematodes, which display a great deal of morphological and functional diversity [4] . Their most recent discovery has turned up three new species of Pristionchus that live in association with figs isolated from South Africa, Vietnam and La Ré union Island in the Indian Ocean. The remarkable thing about these species is that each of them appears capable of producing five distinct types of individual with their own specialized mouth parts. These mouths appear to be adapted for either feeding on bacteria via suction or for feeding on other nematodes using special teeth that allow the predators to puncture the side of their prey and suck them dry. Even more remarkably, the prevalence of these morphological types appears to shift depending on the changing environmental conditions within the fig itself.
While the researchers have yet to figure out the precise environmental cues that lead to one mouth part being generated over the others, in at least one case the signal appears to be the density of other nematodes in the fig (Figure 1 ). The fact that there are four separate predator-type head morphologies suggests that there must be subtleties in exactly which kind of head is best for each specific 'job' within the fig. Although the authors strongly argue that these different morphologies are strictly due to phenotypic plasticity, the evidence that this is a true polyphenism in the complete absence of genetic variation is still largely circumstantial. The temporal emergence of the different types of mouths with changing conditions within the fig is really the best evidence here. Although these species appear to have very low levels of genetic variation, until controlled experiments within the same fixed genotype can be conducted, we really cannot be sure that there are not some genetic differences between morphotypes. Evidence for a genetic basis for phenotypic plasticity of head morphology in a closely related species is certainly strong reason to expect plasticity to be the cause here as well [5] . One reason for caution comes from the case of the most striking polyphenisms that we know: worker castes in social insects. In ants, for example, many different morphologies -from small foragers to giant-mandibled soldiers to queens with incredibly distended abdomens -all exist within a single colony. It was long thought that each of these caste types are generated from a single genotype via divergent developmental pathways regulated by hormones produced by the queen. Recent evidence suggests, however, that in many instances the difference between caste types can have a genetic basis [6] . Even more complex are possible epigenetic changes that are induced by environmental effects but that might perturb the propensity of generating one morphotype or another for multiple generations afterwards [7] .
The distinction between phenotypic plasticity and polymorphism is an interesting one because the maintenance of diversity within populations is one of the oldest questions in evolutionary genetics. In the first case, no genetic variation is needed to maintain a great deal of phenotypic diversity, whereas in the second there is a more direct tie between genetic and phenotypic diversity. Population genetic models suggest that it is actually quite difficult to maintain genetic polymorphisms within a population via temporal variation in the pattern of selection (say bacteriovores being favored in one generation and nematode predators being favored the next) [8] . In contrast, we expect phenotypic plasticity to evolve fairly quickly unless there is a strong genetic constraint that prevents both phenotypes Dispatches from being generated by a single genotype [9] . In reality, however, we usually do not know enough about the underlying genetic basis of the traits under study to clearly distinguish between these alternatives. The promise of these new nematode species is that, together with the great breadth of diversity across the group, the specifics of the developmental system can be uncovered so as to allow these broader questions to be addressed.
In some sense, each new fig is like mini Galapagos Island, but rather than being colonized by finches that speciated to fill available ecological roles, these nematodes have specialized to fulfill currently unknown roles within the fig by switching their developmental systems to generate very different feeding structures and head morphologies. Why we do not see an infinitely plastic Darwin's finch fulfilling every ecological role in the Galapagos is undoubtedly explained by a balance between the functional requirements of developmental specialization, the temporal resolution of the environmental variation relative to the generation time of the species and the intensity of natural selection for plasticity in the face of this environmental variation. Why these three different species of nematodes show exactly five different types of heads inside a single fig is undoubtedly rooted in this same balance.
G-protein-coupled receptors (GPCRs) sense an incredibly diverse range of signals and participate in almost every physiological process in our body [1] . Not surprisingly, they are targeted by a large majority of prescription drugs currently available in the market, such as ARBs (angiotensin receptor blockers), b-blockers and anti-allergy medication [2] . The human GPCR family consists of approximately 800 members that are typically characterized by a highly conserved seven transmembrane topology. Interestingly, the signaling and regulatory mechanisms of GPCRs are mostly conserved throughout this large receptor family. In the classical paradigm, activation of GPCRs with agonist (i.e. activating ligand) leads to coupling and activation of heterotrimeric G proteins, followed by second messenger generation and downstream signaling. In order to put a brake on G-protein signaling, activated receptors are phosphorylated by GPCR kinases (GRKs), which triggers the recruitment of b-arrestins, leading to receptor desensitization, presumably by blocking G-protein coupling through steric hindrance [3] . b-arrestins were then also found to promote clathrin-mediated internalization of GPCRs by interacting with and scaffolding various components of the clathrin-mediated endocytosis machinery [4] .
A somewhat surprising finding that emerged about a decade ago and, since then, has been well established and has become an integral part of the current GPCR signaling paradigm is the ability of b-arrestins to act as G-protein-independent signal transducers
